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Abstract 
A simple approach such as the anodic activation of a glassy carbon electrode (GCE) can 
be used successfully to improve the detection of acetaminophen at very low concentration 
levels. In this work, we observed that the exposure of a GCE to a high potential (2 V vs 
Ag/AgCl) for a limited time period (60 s) in the presence of 50 mM borate/phosphate buffer 
(pH 9) provides a strongly electro-activated surface. The activated surface was 
characterized by means of several techniques (electrochemistry, EIS, SEM, AFM, µ-
Raman, XPS). It appeared that the anodization procedure gave rise to a strong oxygen-
based functionalization that did not affect morphologically the electrode surface. The 
mechanism of interaction of the activated electrode with the analyte was studied by 
electrochemical methods, then the electrode was applied to the electroanalysis of 
acetaminophen by differential pulse voltammetry. In this application, the method showed 
promising analytical performance, detecting nanomolar traces of acetaminophen. 
Keywords 
Acetominophen oxidation; Glassy carbon electrode; Anodization; Electrochemical 
activation;  
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1. Introduction 
The occurrence of pharmaceuticals in the environment and, in particular, in surface waters 
is a problem of increasing concern [1]. Excretion by humans of non- or partially 
metabolized molecules, incorrect disposal of expired medicines and use of antibiotics for 
cattle breeding are the main routes of pharmaceuticals to the environment. The 
compounds identified in various environmental compartments belong to several classes of 
human drugs including analgesics, antibiotics, beta-blockers, anticonvulsants, lipid 
regulators, contrast agents, anti-cancer agents and hormones [2]. They may be toxic to 
fish and aquatic invertebrates [3], have endocrine disruption effects [4] and favor the 
occurrence of resistance in bacteria [5]. The purification processes of wastewaters, such 
as those based on activated sludge, are often unable to remove these pollutants efficiently, 
because wastewater treatment plants (WWTPs) were not originally designed to eliminate 
xenobiotics. Analgesics, anti-inflammatories and beta-blockers are among the most 
resistant pharmaceuticals to the WWTP treatment (30–40% of removal efficiency), while 
the removal of antibiotics can reach 50% [6].  
The monitoring of the environmental contamination by pharmaceuticals is worthwhile for 
several reasons, which include the reliable assessment of risks for the ecosystem and, 
through the food chain, for humans, as well as the evaluation and maintenance of the 
water resource quality.  
Several research papers report on the application of electrochemical methods for the 
quantification of drugs, and in the last ten years the use of carbon electrodes in this field 
has considerably increased [7]. Acetaminophen (AP) is one of the most extensively 
employed painkiller drugs in the world and, for this reason, its occurrence in the 
environment is reported at concentrations of up to 10 µg/L [8]. Several electrochemical 
methodologies have been used for AP determination: most of them involve hybrid or 
4 
 
composite glassy carbon electrodes (GCE) functionalized with gold nanoparticles, multi-
walled carbon nanotubes, fullerenes, boron-doped diamonds etc. [9-13]. Recently, 
Sadikoglu and coworkers [14] presented a simple approach for an easy determination of 
AP with a bare GCE, claiming submicromolar detection. In this work, we studied and 
optimized a method for the AP determination at lower concentration using an 
electrochemically treated GCE, exploiting an anodization procedure. We report here in 
detail the study of the electrode surface activation process and the electrocatalytic 
oxidation mechanism by electrochemistry, electrochemical impedance spectroscopy (EIS), 
Raman spectroscopy, electron microscopy, and X-ray photoelectron spectroscopy (XPS). 
 
2. Experimental 
2.1 Reagents 
Chemicals were purchased from Sigma Aldrich. Ferrocene and (C4H9)4NPF6 were used, 
without further treatment, for the electrode area measurement, and 1,1’-
ferrocenedimethanol was used as probe for electrochemical characterization. Acetonitrile 
was distilled over CaCl2 under N2 atmosphere prior to the measurements. Deionized water 
(0.1 MΩ cm) from a Millipore-RIOs 3 system was used to prepare all the solutions. The 
stock solution of acetaminophen (AP) was prepared in deionized water every day. The 
borate-phosphate buffer (hereinafter, BPB solution) was prepared by dissolving K2HPO4 
and Na2B4O7 salts to a final concentration of 4.5 and 0.5·10
-2 M, respectively, and 
adjusting the pH to 9.0±0.1 with H3PO4 80%. 
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2.2 Instrumentation 
The electrochemical measurements and treatments were performed with a Bio-Logic 
SP150 potentiostat. A conventional three-electrode system in a thermostated cell 
(NESLAB RTE-101 thermostat) was used. Electrochemically activated GCE (3·10-3 m 
diameter, from ALS) was used as working electrode; a platinum wire was used as counter 
and Ag/AgCl, 3 M KCl (Metrohm, Model 6.0733.100) as reference electrodes, except 
where otherwise stated. A magnetic stirrer provided the convective transport during the 
amperometric and differential pulse voltammetric measurements. Electrochemical 
Impedance Spectroscopy (EIS) experiments were performed using the built-in frequency 
response analyzer fuction of the same potentiostat.  
Rotation Disk Electrode linear scan voltammetry (RDE-LSV) experiments were performed 
on a Eco Chemie Autolab PGSTAT 10 potentiostat with a 663 VA Stand, GCE (2·10-3 m 
diameter, Metrohom) was used as working electrode; a GCE rod (Metrohm) was used as 
counter and Ag/AgCl, 3 M KCl (Metrohm) as reference electrodes. The potential range 
employed was between 0.1 and 0.8 V, the working electrode was rotated at rates ranging 
between 500 and 3000 rpm. 
The pH was measured with a combined glass-membrane electrode controlled by a XS 
pH6 pH-meter (CRISON). 
Scanning electron microscope (SEM) images were acquired with a QuantaTM 3D FEG 
DualBeamTM electron microscope, and Raman spectra were obtained with a Thermo 
Scientific DXR Raman microscope. The XPS spectra were taken with a PHI 5000 VERSA 
PROBE, Physical Electronics X-ray photoelectron spectrometer, equipped with a 
monochromatic Al source and a hemispherical analyzer on a glassy carbon plate (25x25x3 
mm, Alfa-Aesar). Survey scans as well as narrow scans (high resolution spectra) were 
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recorded with a 1·10-4 m spot size on both, pristine and activated regions. Data acquisition 
and processing were implemented with the instrument software Summit and MultiPak 8.2. 
For internal calibration, the XPS spectrometer was shifted so that the Carbon peak lay at 
284.80 eV. The morphology of the films was studied by Atomic Force Microscopy (AFM) by 
means of a Park System XE–100 microscope, with a silicon tip (Park System) operating in 
non-contact mode. 
2.3 Electrochemical procedures 
The electrochemical procedures were optimized as detailed in the Results and Discussion 
paragraph. The conditions thus optimized and used for the AP quantification are 
summarized below. 
2.3.1 Activation step 
The working electrode was mechanically polished with diamond powder (1 µm, ALS) and 
alumina (0.3 µm, ALS), thoroughly washed with ethanol and deionized water, placed in the 
BPB solution and activated by applying an anodic potential of 2.0 V for 60 s under 
magnetic stirring (500 rpm). The activation was followed by chronoamperometry. The 
activated electrode was then directly used for the measurements. 
2.3.2 Measurements 
The electrochemical experiments were carried out in the sample solution spiked with an 
aliquot of borate-phosphate buffer in order to obtain a 5·10-2 M final concentration (pH 
9.0). Each measurement was composed of a brief conditioning period (5 s) at 2.0 V. The 
parameters were the following: step height 5·10-3 V, pulse amplitude 5·10-2 V, pulse length 
5·10-2 s, pulse period 0.100 s and a potential range between 0 V and 0.400 V. All the 
experiments were conducted at 25.0±0.5°C. Two operational modalities were highlighted: 
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the highest sensitivities could be reached by repeating 10 times the DPV sequence after 
the initial conditioning (the beneficial effect has been observed using the reported EC-Lab 
instrument and it has not been assessed on other potentiostats); in the second modality 
only a DPV scan was executed, which increased the limit of detection by one order of 
magnitude, although it was more practical. All the measurements in this paper followed the 
first modality. 
 
3. Results and Discussion 
3.1 Method Optimization 
The variables involved in our procedure could be divided into those regarding the 
activation step and others related to the DPV measurement. Activation time, potential and 
electrolyte were optimized independently. The best conditions were found using the mixed 
phosphate-borate buffer at pH 9, with an anodizing time of 60 s at a potential of 2.0 V vs. 
Ag/AgCl, 3M KCl. The evaluation was based on the repeatability of the measurements and 
on the intensity of the DPV signal. Potential values lower than 1.5 V did not increase the 
sensitivity toward the analyte, while potentials higher than 2.0 V caused strong gas 
evolution. Moreover, anodization periods longer than 1 min did not increase significantly 
the current (Supplementary Material, Figure S1a). A second brief conditioning period 
during the measurement step, even in the presence of the analyte, proved useful to 
maintain a stable activation. One activation could last several complete measurements 
without a reduction of the DPV signal. However, when the measurements are distribuited 
across more days it is advisable to renew the electrode each time it has to be used, since 
the renewal of the surface is easy and the electrochemical activation very reproducible 
(see paragraph 3.5). The activation procedure allowed an increase of sensitivity of  2 order 
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of magnitude, when compared to  a traditional AP determination using a non activated 
GCE (LoD 3.69·10-7 M [14]). 
The chronoamperometric (CA) response of the electrode during the activation process 
showed a characteristic current increase a few seconds after the zeroing of the capacitive 
current contribution (Fig. 1a). Interestingly, the CA response and the consequent 
electroanalytical performance appeared to be strongly dependent on the choice of the 
anodizing electrolyte: by comparing the CA and the DPV curves for different electrolytes at 
the same pH value, high currents for the AP measurement were observed only when the 
phosphate or borate anions (see Supplementary Material, Figures S2) were used as 
anodizing electrolyte. The cyclic voltammetry after the anodization in the presence of BPB 
as electrolyte, showed a huge increase of the cathodic current at very low potential (-1.8 
and -2.1 V vs Ag/AgCl, 3 M KCl). Much lower intensity was observed when 0.1 M KCl at 
pH 9 was used as anodizing electrolyte (Fig. 1c). 
The best pH was found to be 9 because of the lower background found from 0 to 0.5 V. 
Moreover, as reported in the literature [9], at lower pH the E1/2 of AP is shifted to higher 
values because of the proton role in the homogenous hydrolysis reaction (Fig. 2). The best 
performing electrolyte was sodium phosphate, but the phosphate buffer shows a minimal 
buffer capacity at pH 9. Therefore, a small quantity of borate buffer was added to increase 
the buffer capacity, without strongly affecting the sensitivity of the electrode. A drift of the 
AP redox potential as a function of pH is observed also with the activated electrode 
(5.5·10-2 V/pH) and, for that reason, a proper buffer is necessary. 
The optimized parameters characterizing the DPV run were the following: pulse amplitude 
(5·10-2 V), pulse length (5·10-2 s), step height (5·10-3 V) and repetition period (0.100 s) 
(Supplementary Material, Figure S3). Such a combination was not the one with the highest 
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absolute DPV signal, but it was a compromise between intensity and sharpness of the 
peak. 
 
3.2 Characterization of activated GCE 
The effect of an anodic overpotential has been often explained as an extensive oxidation 
of the graphite surface of the electrode [15, 16]. As result of that, the introduction of polar 
oxygenated functions (hydroxyl, carbonyl, carboxyl and oxide groups) has been reported 
when GCEs were anodized in strongly basic media (1 M NaOH) [17]. However, if such 
harsh conditions were maintained for relatively long periods (60-120 s), the result was the 
detachment of a thick oxide layer (up to 1·10-6 m) and the substantial damaging of the 
mirror-like surface.  
Although in our activation process we exposed the graphitic surface to anodic conditions, 
the surface anodization in bland basic media (pH 9) maintained a mirror-finished electrode 
surface without evident morphologic damage to the naked eye. The chronoamperometric 
(CA) response of the electrode showed, as reported above, a characteristic current 
increase a few seconds after the zeroing of the capacitive current contribution. A plateau 
was then reached and the CA current was stable even after several measurements (Fig 
1a). This behavior seems to suggest the onset of a chemical reaction that allows the 
formation of a certain number of polar groups on the electrode surface, which increases its 
electrical conductivity. To sustain this hypothesis, electrochemical impedence 
spectroscopy (EIS) was performed in a solution containing AP 5·10-4 M (BPB 5·10-2 M pH 
9, EIS from 1·105 to 2·10-2 Hz, sinusoidal amplitude 7·10-3 V RMS) before and after the 
activation of the electrode at DC potentials of 0.5 and 0.2 V, respectively. In Fig. 1b the 
Bode plot is shown, and after the activation the charge transfer resistance (RCT) decreased 
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from 2.1 MΩ to 417 KΩ at 2mHz. The Nyquist plot is shown in the Supplementary Material 
file, Figure S4. 
The effect of the activation was then assessed with the electrochemical probe 1,1’-
ferrocenedimethanol. Surprisingly it was observed a reduction of the anodic current, while 
the cathodic one was only shifted to a slightly lower potential (E1/2 passed from 278 mV to 
249 mV, Fig. 1d). The measured area of the electrode upon activation appeared to be 
almost unvaried, passing from 5.5 to 5.1·10-6 m2 (Supplementary Material, Figures S5-6).  
In order to assess the nature of such electrode activation, micro-Raman and XPS 
measurements were performed on the material prior and after the activation. In the Raman 
spectra (Fig. 3), the bands at ~1330 and ~1600 cm-1 correspond to the graphite/graphene 
characteristic D and G Raman modes, respectively; in fact, the Stokes phonon energy shift 
caused by laser excitation creates two main peaks: G (1580 cm-1), a primary in-plane 
vibrational mode, and 2D (2690 cm-1), a second-order overtone of a different in-plane 
vibration, D (1350 cm-1). The first-order D peak itself is not visible in graphene because of 
crystal symmetries. As the amount of disorder increases, the Raman intensity increases 
for the disorder peaks D (1350 cm-1). The decrease in the D/G band ratio from 1.63 to 
1.37, revealed upon activation, suggest a reduction in the defectivity degree of the surface 
[18,19]. XPS spectra (Fig. 4a, 4b) showed a massive increase of oxygen bound to the 
electrode surface after the activation, with a relative abundance increasing from 6 to 30% 
(Tab. 1). The deconvolution of the XPS spectrum shows that the oxygenated functions are 
mainly phenolic and carbonyl groups (Fig. 4c-f). Two peaks at higher binding energies 
(293 and 295 eV) appear related to potassium present as counterion of the superficial 
carboxylate groups. SEM images up to 240000X did not show any morphological change 
upon electrode activation (Fig. 5a). Analogously, also the analysis of the AFM images 
(Supplementary Material, Figure S7) showed only a slightly lower roughness of the 
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electrode surface after activation. In fact, upon activation, the Z-axis displacement 
deviation (3σ of the fitted Gaussian distribution, accounting for 98% of the data population) 
decreased from 9.4 to 7.8·10-9 m (Fig. 5b). The anodization of the GCE through the 
analysis of the µ-Raman, XPS, SEM and AFM features could be interpreted as the building 
of a homogeneus oxide-like layer [15]. 
3.3 Reaction Kinetics   
The relationship between the peak current intensity and scan rates provides insight into 
the electrode redox kinetics. Figure 6 b-c-d shows the log(i) vs log(v) plot for the electrode 
where i is the peak current and v is the scan rate. The current depends on the scan rate as 
i ≈ vp. The coefficient p is derived from the Randles-Sevcik equation (see Supplementary 
Material, paragraph 5) and it is indicative of the phenomenon that control the kinetics in 
the electrode [20, 21]. The GCE anodic current shows a linear dependence (0.39<p<0.50) 
approximable to a common diffusion-controlled response before and after the 
activation[14, 22].  
Experiments with a rotating disk electrode (RDE) were performed in order to get insight 
into both the number of electrons involved in the oxidation reaction and  the nature of the 
AP-electrode surface interaction. The RDE is a hydrodynamic electrode technique that 
exploits convection as mass transport, differently from CV that is governed by diffusion. 
The Levich equation (Eq. 2) establishes the relationship between the limiting current at the 
RDE and the concentration of the analyte.  
ilim = (0.620)nFAD
2/3 ω1/2 v−1/6 C     (2) 
where ilim is the limiting current, n number of electrons for the reaction, F is the Faraday 
constant (96,485 C mol−1), D is the diffusion coefficient of AP in the solution (6.64·10-6 cm2 
s-1 [23]), v is the kinematic viscosity of the solution (approximated to that of pure water at 
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0.01 cm2 s−1), C is the concentration of AP (in mol cm-3), ω is the angular frequency (rpm = 
2πf/60) and A is the area of the electrode (in cm2). The RDE curves give insight into the 
number of electrons transferred in the electrochemical reaction by comparing the limiting 
currents to the square root of the rotation rate of the electrode. The Levich plots (ω1/2 vs 
J/C0, where J is the current density, defined as the current/area ratio of the electrode, and 
C0 the bulk concentration of AP) display well defined linear trends when the mass transfer 
is controlled by only one process to the electrode [24, 25]. Interestingly, the Levich study of 
the behaviour of the activated GCE (Fig. 7) showed a marked peak not observed before 
the activation. The peak was quenched by exposing the activated electrode to a small 
amount of a cationic surfactant (0.5 mM N-cetyl (N,N,N-trimethyl)ammonium bromide, 
CTAB, Figure 7c). Moreover, the non-linearity of the Levich plot (Figure 7d) indicates that a 
step preceding the electro-oxidation limits the current to values below those corresponding 
to the convection-limited reduction of AP [24]. The slope of the experimental series 
regression line relate to the number of exchanged electrons, in our case this is closer to 
one at higher rotation rate. These outcomes can be related to a transient adsorption 
mechanism [26, 27, 28] of AP on the activated surface of the electrode that appears to be 
responsible for the sensitization effect. The anodic activation on the electrochemistry of AP 
appears then to be a remarkable electrocatalysis example. In fact, upon activation the Ea 
of the irreversible anodic wave shifts from 0.452 V to a quasi-reversible Ea of 0.301 mV, 
gaining a better reversibility of the electrochemical oxidation (E passed from 0.522 to 
0.155 V, Fig. 6b).  
 
3.4 Mechanism of surface interaction of AP 
Several molecules (Fig. 8) were tested as reactivity probes for the activated GCE. These 
molecules have similar structure as AP but have at least one different functional group. In 
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this way, the effect of the electrode activation on the electrochemical response (CV) to the 
probe can be interpreted as the molecular moiety responsible for the interaction. The 
survey highlighted that only the phenol-containing molecules showed a E1/2 potential 
downshift and a remarkable E narrowing  when the activated electrode was used 
(Supplementary Material, paragraph 7) .This means that the direct mediation of the 
phenolic moiety is the likely cause of the enhancement in the electrochemical response 
also in the case of AP. The possibility of  expoiting this selectivity towards phenolic ring 
containing molecules could be an actractive feature for analytical applications, not 
developed yet in this work.  
 
3.5 Preliminary assessment of the analytical performance 
Fig. 9a shows the DPV curves from which the calibration curve (peak area, A, vs. AP 
concentration) was obtained (Fig. 9b). Each AP standard solution was analyzed 3 times 
with the exception of the lowest concentration, for which five repetitions were carried out to 
evaluate the limits of detection and quantification (LoD/LoQ). The relative standard 
deviation for the measurement of 1.5·10-8 M AP was 6%, obtained by repeating 5 
independent measurements at that concentration. From this value, by calculating the 
corresponding 3 and 10, indicative values of LoD and LoQ of 2·10-9 and 9·10-9 M were 
obtained. These low values are supported by the experimental signals recorded with AP 
solutions in the low concentration range (see inset, Fig. 9a). The interval of linearity ranged 
between 2·10-9 and 1.5·10-7 M and the straight-line had a slope of 0.00878 ± 10-3 A M-1. 
Thus, this method could be capable of detecting AP at concentration levels known to be 
present in water samples. Actually, the concentration of AP in surface waters often ranges 
between 5·10-9 and 5·10-8  M [8].  
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4. Conclusions 
A promising application field of electro-analysis is the development of cheap and versatile 
trace analytical methods to be used in the study of emerging pollutants. Even a simple 
approach such as the anodic electrode activation can be used with success to improve the 
detection of organic compounds at very low concentration levels. In our work, we observed 
that a strong electro-active layer was formed by exposing a GCE to a high potential (2V vs 
Ag/AgCl) for a limited time period (60 s), in the presence of 5·10-2 M borate/phosphate 
buffer (pH 9). This activated layer was characterized with SEM, Raman, XPS, AFM, EIS 
and RDE in order to understand its nature. SEM and AFM images showed a homogenous 
and perfectly adherent layer and the impedance measurements showed that the activated 
electrode surface is four time less resistive than the original surface. From the chemical 
point of view, such layer appears as an ordered and compact oxide structure and has a 
specific electrochemical response to the phenol-containing molecules. The layer formation 
strongly depends on the presence of a weak oxygenated acidic anion as electrolyte 
(phosphate, borate) with poorly delocalized charge. The activated electrode was used in 
the electro-analysis of acetaminophen by DPV. In this application, the activation is a 
helpful tool in improving the analytical performance of the electrode, yielding nanomolar 
detection capability (LoD = 2·10-9 M in borate/phosphate buffer (pH 9)), with a linear 
response up to 1.5·10-7 M.  
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Tables 
Table 1 XPS atomic abundance from survey scan 
 Atomic Abundance (%) 
 Virgin surface Activated surface 
C 92.3 66.5 
O 6.7 30.5 
N 0.7 0.5 
P 0.2 0.7 
S 0.1 - 
B - 1 
Na - 0.4 
F - 0.3 
O/C 0.1 0.5 
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Figures 
 
Figure 1 (a) Chronoamperometric curves of the GCE in different electrolytes (5·10-2 M, pH 
9); (b) Bode plots obtained prior and after the activation (1·105 to 2·10-2 Hz, sinusoidal 
amplitude 7·10-3 V RMS) for 2·10-5 M AP in BPB 5·10-2 M, pH 9; (c) CV of blank 
acetonitrile after the activation of GCE in KCl 50mM, pH 9 or BPB 50mM, pH 9 (CH3CN, 
0.1 M (C4H9)4NPF6, 5·10
-2 V/s); (d) CV of 1·10-3 M 1,1’-ferrocenedimethanol in 0.1 M BPB, 
pH 9, before and after activation of the electrode. 
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Figure 2 Scheme depicting the electrochemical reactivity of AP, as devised by [9]. 
 
 
Figure 3 Raman spectra of the GC plate before (bare) and after the activation procedure 
(λexc 532 nm, 100X);  
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Figure 4 XPS spectrum in survey mode (a, b) and in high resolution mode (c, d, e, f): in 
the middle the C1s region prior (c) and after (d) the activation; lower in the figure, the O1s 
region is shown prior (e) and after the activation (f); the deconvoluted curves are 
superimposed to the raw peak, showing the functional groups on the electrode surface. 
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Figure 5 (a) SEM image of the GC plate: upper part, bare; lower part, activated (20 kV, 
240000X); (b) Distribution of the Z-axis displacement of the surface derived from AFM 
measurements, mediated on different regions of the GC plate (bare and activated). 
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Figure 6  (a) CVs of AP (1·10-1 V/s, AP 1·10-3 M, 5·10-2 M BPB, pH 9), before and after 
activation of the electrode; (b) plot reporting log(ipa) vs log(v),(E vs pseudo-Ag/AgCl, AP 2 
·10-3 M, 5·10-2 M BPB, pH 9); CVs of AP at variable scan rate, prior (c) and after activation 
(d);  
(a) 
(b) 
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Figure 7 Levich study with RDE of AP (5·10-2 V/s, E vs Ag/AgCl, KCl 3M, AP 2·10-3 M, 
5·10-2 M BPB, pH 9): prior to activation (a), after activation (b) and after exposure to CTAB 
(c), by immersion in 5·10-4 M CTAB solution for 1 min. (d) Levich plot of molar current 
density. The symbols represent the experimental points together with the linear fits, while 
the continuos lines are predictions based on the Levich equation for the n=1 (green) and 
n=2 (blue) cases. 
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Figure 8 CV curves of AP-mimiking molecule: (a) AP (1·10-3 M), (b) acetanilide (1·10-3 M), 
(c) p-aminophenol (1·10-4 M), (d) p-phenoxyaniline (1·10-4 M), (e) hydroxyquinone (1·10-3 
M), (f) hydroxyquinone dimethyl ether (1·10-3 M). All the measurements has been 
performed in 5·10-2 M BPB, pH 9, 1·10-1 V/s. 
 
H
N O
HO
H
N O
NH2
HO
NH2
O
OH
HO
O
O
(a) (b) 
(d) (c) 
(e) (f) 
29 
 
 
Figure 9 (a) DPV curves for the full range of AP concentrations (0-1.5·10-7 M) and (inset) 
DPV curves for low concentrations of AP (1·10-9 -1·10-8 M); (b) peak area, A, vs AP 
concentration (AP 0-2.9·10-7 M) and calibration curve (external standard) calculated in the 
linearity range (AP 0-1.5·10-7 M). Activation in 5·10-2 M BPB, pH 9. 
